Early ocular complications in patients with diabetes mellitus (DM) mostly refer to non-proliferative diabetic retinopathy (NPDR). Generally speaking, diabetic retinopathy (DR) is one of the most common causes of blindness and the most common cause of blindness between the age of 20 and 65. DM is a disease characterized by metabolic disorders of carbohydrates, lipids and proteins. The main characteristic is hyperglycemia, which affects all organs by different pathogenetic pathways. The presence of DR is associated with the duration of DM, glycemic control and blood pressure. DR is a microangiopathy and is diagnosed by simple indirect ophthalmoscopy. It is very important to perform regular eye examinations in patients with DM, whereas DR is usually asymptomatic in the early stage of the disease. Optical coherence tomography (OCT) has the great importance in diagnostics of DR. Besides indirect ophthalmoscopy and OCT, fluorescein angiography and ultrasound are also widely used to diagnose DR. The prevention of the disease is most important, which is in domain of internal medicine specialist, diabetologist and general practitioner. Intravitreal anti-vascular endothelial growth factor therapy is the gold standard in treatment of NPDR associated with diabetic macular edema (DME) and impaired vision. Intravitreal injections of corticosteroids and laser photocoagulation are also used. The current and future treatment modalities are presented in the text that follows.
Introduction
Early ocular complications in patients with diabetes mellitus (DM) refer to the disease known as diabetic retinopathy (DR), actually its early form called nonproliferative diabetic retinopathy (NPDR). There are approximately 50 million cases of blindness worldwide and 2.5 million of those are caused by DR [1] . This fact confirms that DR is a serious disease, which deserves our attention and has an important role in medical discussions with the aim of achieving the best care for our patients. DR is a chronic, microvascular complication of DM. DR represents a major public health problem with worldwide prevalence ranging from 2% to 11.7% [1, 2] .
Diabetic macular edema (DME) can appear within NPDR as a consequence of increased capillary permeability. The fluid leaking from the blood vessels damages nerve cells of the retina leading to its degeneration. DME is the main cause of vision loss in people suffering from DR [3] . If DME affects fovea, the state is called cystoid macular edema (CME) [4] .
The treatment of these entities is an interesting part of medical research. Some of the new treatment options are replacing previous ones with excellent results. In the same time, there are many other treatment modalities whose effectiveness is still in the process of scientific research but which offer promising results for the future treatment of NPDR and DME.
Epidemiology of diabetic retinopathy and risk factors
DR is the most common cause of blindness between the age of 20 and 65 [3] . There are approximately 50 million cases of blindness worldwide and 2.5 million of those cases are caused by DR [1] .
The most influential predictor of DR is the duration of DM. DR will appear in each patient with DM after certain period of time. Almost all patients with DM type 1 and more than 60% of those with DM type 2 have some type of retinopathy 20 years after the diagnosis [5, 6] . DM can be discovered incidentally during the ocular fundus examination in patients without previous history of DM. The second important predictor of DR is glycemic control. DM showing significant fluctuations of glucose levels in the blood is associated with increased risk for development of DR. Once developed, DR progression is less dependent on duration of DM and more dependent on glycemic control [7] . Blood pressure is also an important risk factor. Increased blood pressure and uncontrolled hypertension is also associated with increased risk of developing DR. Thus, the duration of diabetes, uncontrolled hyperglycemia and high blood pressure are major and the most important risk factors for the development of DR [7] .
There are many others, less significant, but not irrelevant risk factors for the DR. These are the type of diabetes, age, puberty, obesity, decreased physical activity, disorders of coagulation factors, renal disease, smoking, pregnancy, hyperlipidemia and ethnicity [1] . DR is more prevalent in DM type 1. It occurs in more than 95% of DM type 1 with the duration of diabetes for 15 years or longer. In DM type 2, the prevalence of DR is approximately 58% [7] . In patients with DM type 1, DR rarely appears before the age of 13. The risk of developing DR increases after puberty [8] . In patients with DM type 2, DR occurs more often in patients younger than 50 years of age. DR may worsen during pregnancy and is far more challenging to control DR in cigarette smokers. When it comes to ethnicity, DR is verified more often in African Americans than Caucasians [1] .
3.
Pathogenesis and types of diabetic retinopathy Long-term hyperglycemia has the main role in the pathogenesis of DR. It leads to the thickening of vascular basement membrane, loss of pericytes and vascular endothelial cells. The loss of pericytes decreases vascular stability and disrupts the control of endothelial proliferation [9] . Direct cause of pericyte loss is unknown, but some evidence exists hyperglycemia-induced accumulation of sorbitol and non -enzymatic glycation of the proteins play important role [9] . Thinning of the blood vessels causes increased vascular permeability, promotes formation of microaneurysms and clots formation within microaneurysms. Consequently, this leads to bleeding, exudation and edema within the ocular fundus. All these changes represent microangiopathy that leads to decreased blood supply of the retina, which is sensitive to hypoxia. Hypoxia stimulates secretion of vascular endothelial growth factor (VEGF) which promotes angiogenesis and the development of proliferative diabetic retinopathy (PDR). Newly formed blood vessels have an aberrant structure and are prone to bleeding. The process of neovascularization spreads to vitreous which results with hemophtalmus (vitreous hemorrhage) and the appearance of vitreoretinal adhesions, which may lead to the tractional retinal detachment. In the later stages, iridal neovascularization (rubeosis iridis) appears and neovascular glaucoma can also develop because the new blood vessels grow in the area of trabecular meshwork [10] .
There are two types of DR: NPDR and PDR. NPDR is the initial stage of DR characterized with microaneurysms, bleeding, exudates and edema. PDR is the latter stage that appears as a result of disease progression. It is characterized by neovascularizations, vitreous hemorrhage, vitreoretinal adhesions that can lead to tractional retinal detachment and the possible development of neovascular glaucoma [10] .
It is necessary to underline the importance of appearance of DME, which is not exclusively associated with the stage of DR. The occurrence of DME represents increased capillary permeability, which is most often presented as a diffuse maculopathy. It is also the leading cause of vision loss in patients with DR [3] .
Fundoscopic findings and clinical presentation of non -proliferative diabetic retinopathy and diabetic macular edema
Fundoscopic findings in NPDR are characteristic. The main features are microaneurysms and hemorrhages that can be presented as dot, blot and flame-shaped hemorrhages, exudates (cotton wool and hard exudates), edema and intraretinal microvascular abnormalities (IRMA). DME can appear in any type of DR. If DME affects fovea, it can cause vision loss. Therefore, vision loss can occur in patients with NPDR. DME is a consequence of both intracellular and extracellular fluid accumulation. Intracellular edema develops as a result of axoplasmic flow in hypoxia. Extracellular fluid accumulation develops as a result of increased permeability of blood vessels which leads to dysfunction of the blood -retinal barrier [11] . The fluid is eventually reabsorbed, but the "sediment" in form of lipid exudate lags behind and present as yellow blot on the fundus and it is called hard exudate [8] . Clinically significant macular edema (CSME) is defined as: retinal thickening within 500 µm of the center of the fovea; hard, yellow exudates within 500 µm of the center of the fovea with adjacent retinal thickening; at least 1 disc area of retinal thickening, any part of which is within 1 disc diameter of the center of the fovea [10] .
Clinical presentation of NPDR is different in terms of duration of the disease and involvement of macula. It is very important to practice regular eye examinations, as there are usually no symptoms at the beginning of the disease. The disease is bilateral. The most important cause of the symptoms in NPDR is DME. The main symptom of macular edema is blurred central vision. Furthermore, central vision in macular edema can be wavy, distorted. It can also be presented as a color vision deficiency, where patient complains on colors being "washed out".
The scotomas can also appear [12, 13] . DME, which can appear in any type of DR, is the main cause of visual deterioration in patients with DR and by progression it can lead to the next symptom: total vision loss [3] . Independently from DME, symptoms in NPDR can be blots and dark stripes floating in the visual field, if retinal bleeding exists. Whereas bleeding can spontaneously disappear, blots in visual fields can also disappear and appear if bleeding shows up again [14] . Metamorphopsia, a distortion of observed image, includes macropsia (image in visual field is larger than normal) and micropsia (image in visual field is smaller than normal) [15] .
5.
The diagnosis of non-proliferative diabetic retinopathy and diabetic macular edema
Whereas clinical presentation of NPDR is unrecognized in the beginning of the disease because symptoms don't have to be present although changes on retina have already appeared, it is very important to start with regular eye examinations timely in order to recognize all retinal changes regardless of symptom absence and to prevent its progress [8, [16] [17] [18] . Regular eye examinations should be performed once a year. In DM type 1 regular eye examinations should start 3 to 5 years after the disease has been diagnosed. In patients with DM type 2, eye examination should be done immediately after the diagnosis, because some patients already have signs of DR [8, 16] . Screening is crucial to verify the disease before clinical symptoms are present.
Each clinical examination, including eye examination, starts with taking the basic information about their vision problems and his medical history. Questions should be conceived in a way that they are clear and comprehensive with DM and its complications. Ophthalmological examination should include questions regarding visual disorders (blurred vision, worsened visual acuity, distorted image in central visual field or "washed out" images) and/or scotomas. It is also important to ask patient about systemic diseases or pregnancy. Pregnant women with DM diagnosed before pregnancy have increased risk of DR progression during the pregnancy. They should perform regular eye examinations before conception, early in the first and the last trimester. However, patients with gestational DM are not at risk of DR; thus, eye examinations are not mandatory in these women [16, 8] . Systemic diseases that can worsen clinical presentation of DR are arterial hypertension, proteinuria and renal function. It is very important to monitor glycated hemoglobin (HbA1c), which is the best surrogate for measuring glycemic control [16, 8] .
Ophthalmological examination should include measurements of visual acuity, intraocular pressure and slit-lamp biomicroscopy [8] . Optical coherence tomography (OCT) should also be performed in order to thoroughly examine the ocular fundus and macula. OCT is a non-invasive and non-contact method that uses light reflection close to infrared area to take cross-section pictures of ocular structures, especially of the macula, which is important to prove the presence of DME [19] . The most important examination for DR diagnosis is indirect ophthalmoscopy that visualizes fundus through previously dilated pupil. All previously mentioned characteristic changes in NPDR can be seen on the fundus. Ultrasound is also used in diagnosing DR. Ultrasound is useful if blurriness or any other obstruction of visual pathway exists in parts of the eye in front of the retina (e.g. cataract (clouding of the lens) and clouding of the cornea in keratitis) [19] . A great importance in diagnosis of DR is given to fluorescein angiography which uses fundus -cameras to produce digital fundus photography. Fundal images are immediately available and don't require photographic processing which enables doctor to see fundus image in real time. Obtained fundal image has been proven as effective screening method for DR [1] .
Therefore, timely detection of retinal changes implies timely treatment, which prevents patients with DM from vision loss.
6. Treatment of non -proliferative diabetic retinopathy and diabetic macular edema
Systemic treatment and prevention
Both systemic and local treatment regimens are presented in table 1. Prevention is the cornerstone of NPDR treatment. Regular diabetologist's and ophthalmologist's visits should recognize possible pathological retinal changes in a timely manner, in order to reveal the risk of developing NPDR and progression of NPDR in severe types. Therapeutic interventions applied to the retina are not the only way to treat this disease. Strict control of glycemia, blood pressure and other modifiable risk factors are the first-line treament. Therefore, first-line treatment is in domain of diabetologist and general practitioner. Optimal glycemic control is defined as: fasting glucose < 6 mmol/L, postprandial glucose < 8 mmol/L and HbA1c < 7% [20] [21] [22] . Good glycemic control decreases the risk of developing and progression of DR [1, 8, 23] . It has also been shown that the decreased risk of developing complications extends even after the period of optimal glycemic control. That phenomenon is called metabolic memory [6, 24] . Apart from glycemic control, it is also important to control other factors that cause systemic imbalance such as blood pressure control and control of lipid level in the blood. It is also important to stop smoking cigarettes because smoking cigarettes is also the risk factor for developing DR.
Blood pressure is the risk factor for developing DR, so it is necessary to control the blood pressure in order to slow down the progression of DR and visual impairment [6, 25, 26] . Renin -angiotensin system has a role in pathophysiology of DR. Thus, it is clear that microalbuminuria in diabetics is treated with ACE -inhibitors and/or angiotensin II receptor blockers in the first line [6, 27] . Reference range of blood pressure in diabetics is a bit different than reference range in healthy people. It is important to control blood pressure and keep it in values within that range to achieve the best possible disease control. For adult diabetics these values should be under 130/80 mmHg and in patients with proteinuria, decreased glomerular filtration and cardiovascular diseases these values should be under 125/75 mmHg [27, 6] . It is thought that dialysis and renal transplantation can influence the prevention of DR progression and can give better results in laser treatment [6, 28] . The control of lipid levels is also important, because hyperlipidemia is the risk factor for developing DR. The treatment of hyperlipidemia by statins and fibrates leads to decreased number of hard exudates that are precipitated lipids [6, 29, 30] . LDL cholesterol should be < 2.8 mmol/L and triglycerides < 1.7 mmol/L. Anemia should also be treated since it is also associated with DR [6, 31] .
Spontaneous vision recovery appears in 35% of the patients with good glycemia and blood pressure control after 6-month period [32] [33] [34] [35] [36] . Patients should be aware of the importance in strict control of the systemic factors in order to make other therapy effective and rational. Timely treatment interventions decreased DR progression significantly and thereby decreased the risk of vision loss by more than 90% [37] .
Local treatment
New golden standard for treatment of NPDR with DME and impaired vision is anti -VEGF therapy (intravitreal injections of anti-VEGF drugs -ranibizumab, bevacizumab, aflibercept) [11] . They act by decreasing intraocular VEGF levels, which results in decreased permeability of blood vessels [38, 39] . Anti -VEGF therapy is not equally effective in each patient, which can be explained by variations in nucleotide polymorphisms (SNPs) on VEGF -A gene [40, 41] . Three anti -VEGF drugs are currently available: bevacizumab (Avastin), aflibercept (Eylea) and ranibizumab (Lucentis) [42] . Aflibercept blocks all isoforms of VEGF (VEGF -A, VEGF -B) and also the placental growth factor. Due to its long half-life, aflibercept injection are usually administered every two months. Aflibercept is recommended as an initial therapy in those patients whose basic visual acuity is 20/50 or worse at the beginning of the treatment. The negative side of this drug is its relatively high price, which makes it less available drug to an average patient. Bevacizumab and ranibizumab blocks all isoforms of VEGF -A. Injections are given more often than aflibercept injections (usually every month) [43, 44, 45] . FDA approved aflibercept and ranibizumab for DME treatment and Avastin for colorectal cancer treatment. However, studies showed that intravitreal injections of Avastin lead to improvement of visual acuity, alleviate optic disc and macular edema and can be used for treatment of different eye diseases, especially NPDR associated with DME [46] . Local and systemic adverse effects of anti -VEGF drug use can appear. Serious local adverse effects that can appear are endophthalmitis, retinal detachment, hemophthalmus and iatrogenic traumatic cataract. Mild and moderate adverse effects include intraocular pressure, vitreous detachment, floaters and conjunctival hemorrhage. Systemic adverse effects include: non-ocular hemorrhage, arterial thromboembolism, myocardial infarction, cerebrovascular incidents and even death. It is important to be extremely cautious when treatin patients with the history cerebrovascular incident or transient ischemic attack (TIA) [37] , since severe cerebrovascular complications are well recognized complications of anti -VEGF treatment [47, 48] .
Intravitreal injections of glucocorticoids (triamcinolone, dexamethasone intravitreal implants) are also used in treatment of DR. Glucocorticoids are potent immunosuppressants which also inhibit VEGF secretion, prevent the loss of endothelial intracellular connections and the secretion of inflammation mediators. Therefore, glucocorticoids are the first line treatment of DME [11] . The most common indications for glucocorticoid use are seen in pseudophakic patients (patients with artificial intraocular lenses), in patients that have chronic DME (lasts more than 3 years) and in patients that have already been treated with glucocorticoids and showed no signs of increased intraocular pressure. Adverse effects of intravitreal glucocorticoid use can also appear.
The most common are cataract and increased intraocular pressure [47] .
The golden standard for NPDR and DME treatment was laser photocoagulation. Recently, indications for laser photocoagulation are reduced because of the new drugs (anti -VEGF therapy) that took an important role in DME treatment [4] . The main type of photocoagulation in patients with CSME is a focal photocoagulation that uses two basic techniques -direct photocoagulation and "grid" technique. The first one is used for focal edema and directly coagulates microaneurysms. The latter one directly coagulates pigment epithelium in the area of edema. Laser photocoagulation uses laser beam passing through transparent optical parts and stops on the retina. Photocoagulation uses light to create a thermal burn in retinal tissue. When energy from a strong light source is absorbed by the retinal pigment epithelium (RPE) and is converted into thermal energy, coagulation necrosis occurs and predominantly affects microaneurisms. In diffuse macular edema only pigment epithelium, choriocapillaris and photoreceptors are coagulated by laser beam, while capillaries, as the cause of the leakage remain intact [10] . There are possible adverse effects of laser photocoagulation such as rupture of Bruch membrane followed with hemorrhage, which may occur if great energy is applied on small area, and also vision loss as a result of macular damage if patient looks straight to the laser beam [49] .
There are many different protocols and guidelines in treatment of NPDR and DME. It is important that each patient gets an individual therapeutic approach because the variations in disease expression and treatment efficacy are also different among patients. The future of NPDR and DME treatment lies in gene therapy, which has to be studied more thoroughly. It has already been mentioned that different patients react differently to given therapy. There could be more information in this area by researching genetic profiles of each patient in The increase of intraocular pressure and cataract
The rupture of Bruch membrane, hemorrhage, vision loss
Therapeutic approach
To individualize therapy according to patient's condition order to make better treatment plans. Nanotechnology in the form of drug delivery systems, sustainedreleased medications and stem cell therapy are also on the horizon [37] . Anti -vascular growth factor agents (high dose of anti -vascular endothelial growth factor drugs, encapsulated cells, DARP proteins), inhibitor of multiple growth factors (Squalamine), steroids (betamethasone microspheres, danazol), cytokine inhibitors (angiopoetin, tumor necrosis factor (TNF), interleukins, chemokine inhibitors, kallikrein -kinin inhibitors, integrin inhibitors) are also considered [47] . Each of the previously mentioned treatment option for NPDR and DME represents a cornerstone for new research and treatment improvements.
Conclusion
NPDR and associated DME present serious complications of DM. Long-term hyperglycemia has the main role in the pathogenesis of DR. Diabetic diet, increased physical activity and pharmacotherapy are important for prevention and treatment of DR. It is important to educate patients about the nature of the disease, self-control and importance of regular examinations. Multidisciplinary approach including family doctor, diabetologist, ophthalmologist and psychologist is important in order to achieve expected treatment results. It is important to emphasize that the absence of symptoms does not imply the absence of the disease. Therefore, screening for DR is the cornerstone of prevention and treatment. Therapeutic interventions like intravitreal injections of anti -VEGF, glucocosteroids and laser photocoagulation are an important local treatment modalities. Treatment should be individualized based on patient's functional status, comorbidities and the stage of DR.
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